ABSTRACT
Introduction
At international level, the global social and economic burden of diabetes is raising concerns in recent years (10, 11) . Projection of the economic costs of diabetes has been made for a long-term period based on population and epidemiology data and the development of new therapies (23) . Regional studies are trying to reveal the total health care cost and mainly the hospitalization cost of the different types of diabetes, accounting for the greatest proportion of 30 % to 55 % (12, 14) . the cost of diabetes in norway accounts for 1.4 % to 2.6 % of the total health care expenditures and depends mainly on the hospitalization costs (20) . in Sweden, two studies have revealed that the total cost of diabetes is about 5.7 billion Swedish Krona, of which 43 % represent direct costs, and that the cost is increasing with time (2, 7). compliance with national guidelines leads to enormous savings of health care expenditures and disability-adjusted life years, especially in low-income countries (1) . Several studies have pointed out the differences in the cost for type 1 and type 2 diabetes underlining the higher burden of type 1 diabetes as well as of the diabetes complication for the health care systems (5, 6, 8, 13) .
The first Bulgarian cost-evaluation study was published in 1997, comparing not only the total cost of insulin and oral antidiabetic medicines but also some regional differences (4) . Recent national studies have focused on the cost of diabetes in pregnant women, on education of patients with diabetes, and several modeling studies have estimated the cost-effectiveness of new antidiabetic drugs (9, 18, 19, 21, 22) .
to our knowledge, there is no study about the cost of therapy of insulin-treated diabetic patients in Bulgaria, which stimulated our interest in this problem.
the goal of this study was to calculate the direct medical cost of diabetes and its complications for insulin users from the perspective of the health insurance fund. Cost-of-illness analysis the cost of therapy for each group of patients was calculated as a sum of the units of health care resources used and their individual price. the average cost attributable to each individual patient was calculated by dividing the total cost by the number of patients included in the group (regardless of the fact that they might not use a particular health care resource). then the second step of the analysis was performed for patients with hospitalization during the period. information about these patients was extracted from the same three therapeutic subgroups: on analogues (n = 45), human insulin (n = 46) and oAD (n = 69) therapy, and their average cost of therapy was calculated.
COMPARATIVE ANALYSIS OF THE COST OF INSULIN TREATED PATIENTS IN BULGARIA
the prices of drugs and medical devices for outpatient treatment were taken from the official web site of the pricing and reimbursement committee at the Ministry of health (16) . the cost of physicians' visits and hospitalizations were taken from the National Health Insurance Fund tariffs (NHIF) (17).
All costs were calculated from the payers' perspective, and no patients or indirect costs were considered. All the costs are presented for a six-month period in the national currencyBulgarian lev (BGn). the exchange rate in 2010 and 2011 is 1 euro = 1.95 BGn.
Statistical methods
Descriptive statistical methods were applied for the analysis of patients' characteristics and cost. two and three independent sample Z-test analysis for proportions was applied to assess the statistical significance among the differences of the relative shares of the costs within the total cost of particular health care resources among the 3 subgroups of patients. t-test analysis was applied to assess the statically significant differences among the cost of therapy between the patient subgroups. twoway AnoVA analysis was applied to test the cost differences by age groups and by dosage regimen.
Results and Discussion
According to the official information from NHIF, there are 300 000 diabetic patients in the country and near 10 % of them are type 1 diabetics. there are about 108 000 type 2 diabetic patients on insulin therapy. thus, in total approximately 138 000 patients are treated with insulin.
the observed three groups of patients: on insulin analogues, human insulin, and combination therapy (insulin plus oAD) appear to be different. the cost of insulin analogues insulin analogues, due to their higher prices is with the highest for 6-month therapy (652.12 BGn), closely followed by the combination therapy cost (479.54 BGn) in case just insulin therapy is considered ( Table 1) . if the cost of oAD is added, the therapy of this subgroup reaches 532.01 BGn (SD 248.01). the SD of the group on insulin and oral antidiabetes therapy (oAD) therapy is with the highest value probably due to the great variations of the prices of the oAD on the market. the differences in the cost of insulin therapy between the three studied subgroups were found to be statistically significant (P < 0.05) ( Table 1) .
in contrast, the cost of hospitalizations due to diabetes is lowest in the group of patients on insulin analogues, followed by that of patients on human insulin therapy, and highest for the group on a combination of insulin plus oAD therapy.
the patients on combination therapy are usually with type 2 diabetes, which could not be adequately controlled with oAD and needed addition of insulin. these patients are frequently hospitalized, they have a lot of complications and, therefore, higher hospitalization cost due to complications. the differences in the cost of hospitalizations were found to be statistically significant among the three studied groups (P < 0.05). Similar tendencies were observed when comparing the cost of medications for the treatment of diabetes complications. Again the cost was found to be lowest in the group of patients on insulin analogues, followed by that in the group on human insulin and the group on combination therapy. the cost of hospitalization due to complications is also the lowest in the group on insulin analogues ( Table 1) . twice higher is the cost of hospitalizations due to complications in the group on human insulin in comparison with that in the group on insulin analogues.
the cost of consumables and physicians' visits do not differ significantly among the groups. Patients on insulin therapy have limited access regulated by NHIF to a certain defined number of test-strips per year, as well as a number of visits to GPs and specialists at outpatient level, which could explain the similar costs in the groups ( Table 2) .
When summarizing all the costs, the group on combination therapy reaches the highest cost for the period of six months (1293.82 BGn), followed by that on insulin analogues (1170.38 BGN), and finally the group on human insulin therapy (927.26 BGn) (Fig. 1) . this could be explained by the fact that, in Bulgaria, modern insulins are introduced as a second line after human insulin failure in the treatment cascade, although our subpopulation on analogues was younger than on human insulin, probably because these are the type 1 diabetic patients with an earlier onset of diabetes. in the group on insulin analogue therapy, the cost of insulin comprises about 56 % of the total cost. in the other two groups the medications for diabetes account for 32 % and 47 % of the cost. the main cost drivers are the medications for diabetes (42 % of the total cost on average), outpatient medications for diabetes complications (25 %), and hospitalization due to diabetes (13 %). these cost components account for 80 % of the total cost. When adding the cost of hospitalizations due to diabetes complications, 89 % of the total cost is reached. the cost of insulin either in monotherapy, or in combination therapy with oAD, accounts for the greatest percentage of total cost (Fig. 1) . Applying z-test analysis for the proportion of independent groups, we found that the differences in the relative share of insulin therapy cost, medication cost for hospitalization, and cost of hospitalization due to complications are statistically significant among the three subgroups.
For the group of patients with hospitalizations during the observed six-month period the calculated cost of therapy and its structure changes as shown in Fig. 2.   Fig. 2 . Structure of the average cost of therapy for patients with hospitalizations during the period.
in this second step analysis concentrated on the patients with hospitalizations, it was found that the cost of insulin therapy is only 21 % on average, but the cost of hospitalizations due to diabetes reaches 21 %, and cost of hospitalizations due to complications reaches 39 %. together with the medication cost for hospitalizations (16 % on average), these components account for 93 % of all costs (Fig. 2) . From Fig. 2 it is also evident that the hospitalization cost due to diabetes and complications, as well as the medication cost for complications, is with lower relative share in the group on insulin analogues.
Within the main subgroups we further analysed the differences in the cost of insulin therapy for patients on intensive and conventional dosage regime (Table 3) . the cost of therapy for patients on conventional regime appears to be sligthly lower but the differences were found to be statistically significant. Thus, the insulin regime does influence the cost of insulin therapy.
We further explored the differences in the total cost of therapy by age groups (Fig. 3) . For patients on insulin analogues, the less costly therapy is that in the group at the age of 45-59, while for human insulin and combination therapy the therapy among 20-44-year-olds appears to be less costly. AnoVA analysis of the cost of therapy for different age groups revealed that the differences are statistically significant among the three subgroups (P = 0.019), as well as among the compared ages (P = 0.0017). if only the medication cost is compared by age groups, it is evident that the cost is lowest in the group of patients on human insulin and also in the group of the 60-90-year-olds (Fig. 4) . the differences in the cost of medications are not statistically significant among the compared ages in the three subgroups (P = 0.08), but are significant among the subgroups (P = 0.004).
To the best of our knowledge, our study is the first one to focus in details on the cost of insulin treated patients in Bulgaria. This is also the first micro-costing study evaluating a patient sample for a period of six months. It confirms the results of similar studies that insulin analogues are most expensive but they ensure better glycaemic control and thus allow to lower the cost of hospitalizations due to diabetes (3, 15) . It also confirms the results that the complications and hospitalization costs are important cost drivers, and for the group of patients who experience hospitalization, they account for 60 % of the total cost.
With this study we also add new evidence on the differences in the cost structure in various treatment regime groups.
A lot of factors could influence the differences in the costs: general population age, prescribing habits, life style, type of diabetes, etc. Among these factors we explored the insulin regime: conventional and intensive therapy, and found that the insulin regime does influence the cost of insulin therapy. the age of patients affects the cost of therapy in a statistically significant manner (no other risk factors adjusted). Further analyses are needed to explain the reasons for these differences in detail.
our study has some limitations, for example, the fact that we focus only on the payer cost, not applying the societal perspective covering direct but also indirect costs. even from the payer's perspective, we did not include the cost of clinical tests and regular visits because they are predefined for all diabetic patients. heterogeneity of the subgroups, including the mean age, the average duration of diabetes, the degree of diabetes control correlating with probability of complications, may also be a limiting factor. it indicates that the groups should be analyzed separately and not directly compared without correcting for all these factors. long-term cost-effectiveness analyses focused on concrete products are needed to draw conclusions regarding the best treatment options in the Bulgarian health care system.
Conclusions
A selection of the main treatment pattern linked to insulin/ insulin analogue +/-oAD administration depends on individual patients' characteristics (type of DM, hb1Ac, age, complications, etc.) as well as the healthcare system organization (e.g. sequential therapy). it explains the cost structure differences between the heterogenic groups analyzed. Intensification of the insulin therapy seems to be cost neutral from the total costs perspective.
